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multiplexing in digital radio system 



(57) At a transmitter side, signals are provided with 
a delay difference with a plurality of branches, coded 
multiplexed by spectrum spreaders and a combination 
unit, and transmitted by single antenna. At a receiver 
side, the signals are received by a single antenna, and 
diversity branches are extracted and separated by first 
and second spectrum de-spreaders. They are subject 



to linear combination so that the mean square of the de- 
cision error signals is minimized. The output passes 
through an adaptive matched filter and an adaptive 
equalizer so as to provide an output from which interfer- 
ence waves are eliminated. Thus, interference is elimi- 
nated and diversity gain for a signal is ensured, while 
reducing the scale and cost of a system without using a 
plurality of antennae. 
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Description 

The present invention generally relates to a method 
and apparatus such as a diversity receiver, for cancel- 
ling interference jamming in digital radio transmission 
where severe multi-path fading causes problems by uti- 
lizing coded multiplexing with spread spectrum, while 
maintaining a diversity effect. 

Diversity receivers are known as equipment for de- 
leting random nonsynchronous unintentional returns in, 
for example, a beacon system. 

Fading typically occurs on a radio propagation path. 
The fading includes flat fading and selective fading. Flat 
fading does not cause multi-path propagation, but caus- 
es received waves themselves to be directly subject to 
variations in amplitude and phase during propagation. 
Conversely, selective fading causes multi-path propa- 
gation, and incoming waves on each of multiple paths 
are subject to separate variations of amplitude and 
phase. 

In this case, because the received signal is a com- 
posite wave having a plurality of mufti-path waves, spe- 
cific frequencies are combined in anti-phase depending 
on the state of phase variation. That is, frequency se- 
lective fading (e.g., notch) occurs in the received spec- 
trum. In the case of flat fading, variation of the receiving 
level is a problem, and the received waveform itself is 
not distorted. 

However, in the selective fading by multi-path, in ad- 
dition to variation of the receiving level, distortion occurs 
in the received waveform. For radio communication 
where such fading occurs, diversity reception is usually 
and widely employed, and is essential technology. 

In radio transmission, in addition to the mufti-path 
fading, problems also are caused by various interfer- 
ence waves such as adjacent channel interference, ra- 
dar interference, and military jamming waves. Frequen- 
cy interference is an unavoidable problem, particularly, 
when it is intended to increase transmission capacity 
within limited frequency resources. 

Various approaches have been studied for cancel- 
ling interference jamming. One conventional approach 
is to eliminate interference waves by linearly combining 
branch signals from a plurality of antennae. For exam- 
ple, interference is eliminated by pattern null using an 
adaptive antenna. 

However, such an interference elimination method 
utilizing the diversity branch uses up the diversity branch 
for elimination of interference, so that the diversity effect 
is not necessarily obtained for desired waves. Although 
interference waves may be canceled by each other by 
linearly combining a plurality of branches, the destred 
waves are not always combined at the maximum ratio. 
The desired waves also may be canceled out. 

To solve this problem, a conventional method has 
been developed which enables the diversity composite 
effect to coexist with the interference elimination effect. 
There is, for example, a diversity receiver described in 



Japanese Patent Application Laid-Open No. 4-35546 
and in corresponding U.S. Patent No. 5,335,359, incor- 
porated herein by reference. 

Figure 7 is a block diagram showing its transmitter 
5 side, while Figure 8 is a block diagram showing its re- 
ceiver side. 

In Figure 7, a retardation (delay) element 301 with 
delay time of which is set preferably within a half of the 
matched filter length (e.g., an integral multiple of the 
10 symbol interval T), transmitters 302, 303, and transmit- 
ting antennae 316, 31 7. The matching filter length is the 
time span covered by taps of the matched filter. In Figure 
8, 31 8 and 31 9 are receiving antennae, 304 and 305 are 
automatic gain control(AGC) amplifiers, and 306 and 

75 307 are complex multipliers. 308 and 309 are complex 
correlators (e.g., each of which may include a multiplier 
for correlating the applied signals in complex form and 
an integrator for averaging the correlations), 310 is a 
combination unit, 311 is an AGC amplifier, 312 is a se- 

20 lector, 313 is an adaptive matched filter, 314 is a deci- 
sion feedback equalizer (DFE), and 31 5 is an attenuator. 

The transmitter side of the diversity receiver in Fig- 
ure 7 divides a transmitting signal into two branches by 
a divider 300, and provides a delay time difference t. It 

25 transmits the transmitting signals of these two branches 
from separate antennae 316 and 317, respectively. 

On the other hand, the receiver side in Figure 8 per- 
forms diversity reception with two antennae 318 and 
319. In this case, a transmission output 1 is input into 

30 the receiving inputs 1 and 2. Similarly, a transmission 
output 2 is input into the receiving inputs 1 and 2. Addi- 
tionally, interference jamming mixed during propagation 
of radio waves is also received by the two receiving an- 
tennae. 

35 The receiver side applies automatic gain control 
(AGC) to an output of the combination unit 310 for nor- 
malization, and feeds back the output to the correlators 
308 and 309 for correlating with received branch sig- 
nals. 

-to First, the multipliers 306, 307 output signals having 
a high level under random phase amplitudes. While they 
are added together by the combination unit 310, these 
waves do not initially have an in-phase composition. 
When the output of the combination unit 310 and the 

45 received signals are correlated with each other, the 
phase difference between the output of the combination 
unit 310 and each received signal, and their amplitude 
information are obtained as correlated values. 

The in-phase composition is attained by multiplying 

50 a complex conjugate of these correlated values by the 
multipliers 306,307. Since the amplitude is multiplied by 
a weight coefficient making it square, composition at the 
maximum ratio is consequently performed for the re- 
ceived signal having a high level. 

55 On the other hand, a subtractor (attenuator) 315 
performs an anti-phase composition opposite to the 
maximum ratio composition to suppress a signal having 
a high level. If the signal having a high level is unnec- 
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essary interference jamming, then interference waves 
are subject to an in-phase composition at the output of 
the combination unit 31 0, while they are canceled in an- 
ti-phase as the output of subtractor 315. 

Accordingly a desired signal can be extracted from 
the output of the subtractor 315. 

However, when the desired wave at the output of 
the subtractor 315 is present, it is merely linearly com- 
bined by the weight coefficient for cancelling the inter- 
ference. On the other hand, the transmitting wave is pro- 
vided with a delay difference between the branches, so 
that a fixed delay difference is provided for the desired 
wave at the output of the selector 312. 

That is, a two-wave multi-path model (principal 
wave + delayed wave) has been produced at the trans- 
mitter side. 

For such multi-path propagation (e.g., of the princi- 
pal wave + delayed wave), a typical adaptive equalizer 
eliminates the delayed wave, while an adaptive 
matched filter does not eliminate the delayed wave, but 
positively utilizes it as a signal. Specifically the principal 
wave is delayed in the adaptive matched filter to be 
matched to the timing of the delayed wave, and that tim- 
ing (e.g., of the delayed wave) is made the new timing 
for the principal wave. 

Control is performed for the amplitude and the 
phase after the timing of all multi-path waves is 
matched, and then the maximum ratio composition is 
achieved. This is equivalent to the diversity composition 
in the temporal region, and the resulting diversity gain 
is called an "implicit diversity gain". 

The decision feedback equalizer (DFE) of 314 elim- 
inates final interference between codes. 

However, in the above system, multiple antennae 
are required for the transmission and receiving sides, 
respectively so that the device becomes unnecessarily 
large. For microwave communication over a long dis- 
tance (e.g., more than 100 km), an antenna with a large 
diameter (e.g., on the order of - 3-10 m) is required. In 
such a case, the increased number of antennae leads 
to extremely high system costs. 

The above-described conventional method and ap- 
paratus effectively act on interference waves having a 
high level providing negative D/U (a desired power-to- 
undesired power ratio). However, such a method and 
apparatus provide uncertain and unpredictable correla- 
tion control for a region providing zero or positive D/U 
{e.g., D/U > 0), so that it cannot effectively eliminate in- 
terference. 

Further, as mentioned above, the conventional can- 
celler system is suitable for the region where D/U << 0 
However, if the desired power is stronger than the un- 
desired power, the MRC control is locked to the desired 
power. Thus, for example D/U < -6 dB (the conventional 
Power Inversion Adaptive Array (PIAA)), and the de- 
sired power is cancelled. Thus, the conventional system 
is suitable only for compensating severe interference 
(military jamming), and not for compensating for rela- 



tively low-level interference at the site or due to adjacent 
channels. 

In view of the foregoing problems of the convention- 
al systems, it is therefore an object of the present inven- 
5 tion to provide a method and apparatus which does not 
use a plurality of antennae, for cancelling interference 
even for interference waves having a relatively low level 
providing positive D/U, and wh ich can provide a diversity 
gain. 

10 in a first aspect of the present invention, a method 
and apparatus performs reception by dividing transmit- 
ting data into a plurality of branches, code multiplexing 
them by providing a delay difference to each of them, 
transmitting them with one antenna, receiving the trans- 

is mitted signals with one antenna, performing diversity 
composition after they are decoded and separated, and 
receiving them using an adaptive matched filter and an 
adaptive equalizer. 

Additionally, the present invention includes means 

20 for providing a different delay time for each of a plurality 
of transmitted signals which are formed by dividing a 
transmitted signal into M branches at the transmitter 
side, means for individually performing spectrum 
spreading on the M-branched transmitting signals, 

25 means for combining the spread spectrum signals, 
means for transmitting the combined signals with one 
antenna, means for receiving them at the receiver side 
with one antenna, means for dividing the received sig- 
nals into M branches, and, then decoding them through 

30 inverse spectrum-spreading (e.g., spectrum de-spread- 
ing) corresponding to the transmitter side, respectively, 
means for demodulating the inverse spectrum-spread 
output, means for inputting the demodulated signals into 
respective complex multipliers for combination, means 

35 for inputting the combined signal into an adaptive 
matched filter, means for inputting the output of the 
adaptive matched filter into an adaptive equalizer, 
means for correlating a decision error signal of the adap- 
tive equalizer with the demodulated signals, and means 

^o for multiplying the calculated correlation values by the 
respective complex multipliers. 

The above first and second embodiments of the 
present invention utilize spread spectrum techniques to 
reduce the interference density in normal or relatively 
■is low-level interference. 

In a third aspect of the present invention, a hybrid 
structure is provided including a single antenna which 
employs coded multiplexing and a Power Inversion 
Adaptive Array (PIAA), such that the structure is rela- 
te tively small and compact and yet can electively compen- 
sate for relatively severe interference (e.g. , military jam- 
ming). 

With the invention, the inventive method and appa- 
ratus use a single antenna, and eliminates interference 
55 even for interference waves having a normal (or rela- 
tively low) level providing a positive D/U. Further, a di- 
versity gain is provided. 

The first and second embodiments allow a smaller 
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receiver due to a single antenna and yet which is able 
to provide diversity through coded multiplexing and 
which is capable of handling normal (or low-level) inter- 
ference environments. 

The third embodiment provides a smaller receiver 
due to having a single antenna and yet able to provide 
diversity through coded multiplexing, and which can ef- 
fectively compensate for relatively severe interference 
(e.g., military jamming) through a structure incorporat- 
ing a Power Inversion Adaptive Array (PIAA). 

The foregoing and other objects, aspects and ad- 
vantages will be better understood from the following 
detailed description of a preferred embodiment of the 
invention with reference to the drawings, in which: 

Figure 1 is a block diagram showing a first embod- 
iment of a transmitter side of an apparatus (e.g., di- 
versity receiver) according to the present invention; 
Figure 2 is a block diagram showing a first embod- 
iment of a receiver side of an apparatus (e.g., diver- 
sity receiver) according to the present invention; 
Figure 3 is a time chart representing operation of 
each section of the apparatus (e.g., diversity receiv- 
er) according to the present invention; 
Figure 4 is a block diagram showing a second em- 
- bodiment of the transmitter side of an apparatus ac- 
cordingto the present invention; 
Figure 5 is a block diagram showing a second em- 
bodiment of the receiver side of an apparatus (e.g., 
diversity receiver) according to the present inven- 
tion; 

Figure 6 is a block diagram showing a third embod- 
iment of the receiver side of an apparatus (e.g., di- 
versity receiver) according to the present invention; 
Figure 7 is a block diagram showing the transmitter 
side of a conventional diversity receiver; and 
Figure 8 is a block diagram showing the receiver 
side of the conventional diversity receiver. 

Referring now to the drawings, and more particular- 
ly to Figures 1 and 2, there is shown a first embodiment 
of the present invention. 

Figure 1 shows the arrangement of the transmitter 
side, which includes a modulator 101 , a retardation (de- 
lay) 102 having a delay time of t, a spectrum spreader 
103 which a first spectrum spreader 1, a spectrum 
spreader 104 which is a second spectrum spreader 2. 
a combination (e.g., summing) unit 105, a transmitter 
106, and a single transmitting antenna 107. The struc- 
ture of the individual elements of Figure 1 is believed to 
be well-known to one of ordinary skill in the art, and thus 
for brevity will not be discussed in detail. 

In Figure 1, the modulator 101 receives transmitted' 
data, and applies digital modulation such as quaternary 
phase-shift keying (QPSK) to a transmitting signal An 
output of the modulator 101 is branched (e.g., divided) 
into two signals by a two-branch distributor (e.g. , divider, 
hybrid splitter or the like) 100, and the signal on a first 



branch 1 is directly input to the first spectrum spreader 

103 without being input through the retardation (delay) 
element. 

The transmitting signal from the second branch 2 is 
5 input into the second spectrum spreader 104 through 
the retardation (delay) element 102 with a delay time of 
t. The delay element 102 may be formed from any of a 
number of known structures such as a bandpass filter, 
a SAW device or the like. 
io The spectrum spreaders 103, 104 perform spread- 
ing of the respective transmitted signals with independ- 
ent spreading codes. For example, in the first embodi- 
ment of the present invention, a preferred spreading 
code may be a PN code having a speed less than 20-30 
times the speed of the input source signals. Typically, 
PN codes having a speed of 50 times that of the input 
signals are employed. However, a high-speed PN code 
is unnecessary since interference is at a relatively low- 
level. Thus, a relatively low rate PN code may be select- 
20 ed such that each branch may act as a diversity branch. 
Specifically, each diversity branch needs a PN code 
which allows each diversity branch to retain its diversity 
characteristics. Thus, with the invention, the bandwidth 
can be reduced since jamming ca be eliminated by di- 
25 versity, thereby making the increase in diffusion code 
speed unnecessary. 

The outputs of these spectrum spreaders 103 and 

104 are added together by the combination unit 105. 
That is, coded multiplexing is performed by the combi- 
ne nation unit 105. 

The output of the combination unit 105 is input into 
the transmitter 106, which in turn frequency-converts 
the signal output by the combination unit 1 05, and trans- 
mits the signal via the transmitting antenna 107. The 

35 transmitter utilizes radio frequency (RF) and the fre- 
quency is within typical land-fixed digital microwave 
communications frequencies, and preferably within a 
range of 1-2 Ghz. 

Figure 2 illustrates the receiver side, which includes 

40 a single receiving antenna 108, a receiver 109, an in- 
verse spectrum spreader (e.g., a spectrum de-spread- 
er) 110 which is a first spectrum de-spreader 1, a spec- 
trum de-spreader 111 which is a second spectrum de- 
spreader 2, a demodulator 112, a demodulator 113, a 
complex multiplier 1 1 4, a complex multiplier 1 1 5, a com- 
plex correlator 116, a complex correlator 117, a combi- 
nation unit 118, an adaptive matched filter 119, and an 
adaptive equalizer 120. The structure of the individual 
elements of Figure 2 is believed to be well-known to one 

50 of ordinary skill in the art, and thus for brevity will not be 
discussed in detail. 

The receiver side also operates preferably within 
the 1-2 Ghz range, with signals down-converted to the 
intermediate frequency of, for example, about 70 MHZ, 

55 and so forth to the baseband frequency. The data rate 
may be in a range between approximately 256 Kbps to 
approximately 1 Mbps. 

At the receiver side of Figure 2, signals are received 



7 

by the receiving antenna 1 08 and are input to the receiv- 
er 1 09. The receiver 1 09 low-noise amplifies the signals, 
and converts them from a radio frequency (RF) to an 
intermediate frequency (IF). An output of the receiver 
1 09 is branched into two branches by the distributor 1 00, s 
and input into the first and second spectrum de-spread- 
ers 110 and 111, respectively. 

The first spectrum de-spreader 110 performs in- 
verse diffusion (e.g., de-spreading) with the same 
spreading code as the first spectrum spreader 103 on 10 
the transmitter side, and demodulates signals of the first 
branch of the coded multiplexing signals. Similarly, the 
second spectrum de-spreader 111 performs inverse- 
spreading (de-spreading) with the same spreading code 
as the second spectrum spreader 1 04 on the transmitter '5 
side, and demodulates signals of the second branch of 
the coded multiplexing signals. 

Outputs of the spectrum de-spreaders 1 1 0 and 1 1 1 
are input into the demodulators 112 and 113, respec- 
tively, so that demodulation is performed corresponding 20 
to the modulation performed by the modulator 101 on 
the transmitter side. Outputs of the demodulators 112 
and 1 1 3 are input into the complex multipliers 1 1 4 and 
115, respectively, and multiplied by weight coefficients 
W1 and W2 (discussed below), produced by complex 2$ 
correlators 116, 117, respectively. 

Outputs of the complex multipliers 1 1 4 and 1 1 5 are 
added together by the combination unit 118 to form a 
combined signal, and the combined signal is input into 
the adaptive matched filter 119. 30 

An output of the adaptive matched filter 1 1 9 is input 
into the adaptive equalizer 120 where data signals are 
produced (e.g., determined), and the resultant decision 
data signals are fed back to the adaptive matched filter 

1 1 9, and used for calculation of the correlation for adap- 35 
tive matched filtering. 

Additionally, a decision error signal e from the adap- 
tive equalizer 1 20 is fed back to the complex correlators 
1 16 and 117. The complex correlators 116, 117correlate 
the received signals of the first and second branches -to 
with the decision error signal of the adaptive equalizer 

120, respectively, and the correlation values are multi- 
plied as the weight coefficients of the complex multipli- 
ers 114 and 115, respectively. 

In the present invention shown in Figure 1, coded -*s' 
multiplexing is used for obtaining the diversity branch 
and reduction of the number of transmitter antennas. 
The diversity effect is attained at the receiver by using 
the matched filler (MF) for the time diversity effect. This 
is referred to as "implicit diversity gain", which is different so 
from "explicit diversity gain" or typically referred to as 
ordinary space or frequency diversity. The reasons that 
coded multiplexing is used is to share the frequency 
band for diversity. This enables sending diversity signal 
within the band of only one signal. Thus, with the inven- 55 
tion, a plurality of antennae are unnecessary, unlike in 
the conventional systems, and a smaller more compact 
system results. 
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Furthermore, while the conventional systems sup- 
ply a diversity combination output to the AGC amplifier, 
and correlates the received signal branches based ther- 
eon, the present invention utilizes the error signals from 
the adaptive equalizer. The error signals are used for 
the adaptive cancellation through the multiple branch 
linearly combining MMSE. The advantages of utilizing 
the error signals include the present invention providing 
the interference cancellation under the D/U = 0 or pos- 
itive values where in the conventional method (and ap- 
paratus) it could not be applied. 

Hereinbelow, the operation of the inventive appara- 
tus and method is described below in detail with refer- 
ence to Figure 3. 

' Figure 3 illustrates a graph 201 which shows tem- 
poral variation in the received signal level, an arrange- 
ment of data 202 in the desired signal wave in the output 
of the demodulator 1 1 2, a temporal waveform 203 of in- 
terference wave components in the output of the de- 
modulator 112, an arrangement of data 204 in the de- 
sired signal wave in the output of the demodulator 113, 
a temporal waveform 205 of interference wave compo- 
nents in the output of the demodulator 11 3, an arrange- 
ment of data 206 when noted on the desired signal wave 
in the output of the combination unit 1 1 8, a diagram 207 
for illustrating the complex multiplier at each tap of the 
adaptive matched filter 119, and a diagram 209 showing 
an adder of the adaptive matched filter 119. 

When the reception level fades at time tl as indi- 
cated by reference numeral 201 in Figure 3, correspond- 
ing data S5 and S6 in the data series 202 of the received 
signal in the output of the demodulator 1 1 2 are momen- 
tarily shut down (e.g., inaccessible). Similarly, data S3 
and S4 in the data series 204 of the received signal in 
the output of the demodulator 113 are also momentarily 
shut down. 

When only the data series of the desired signal 
wave is noted, the output of the combination (e.g., sum- 
ming) unit 118 becomes a sum of the data series of two 
branches as indicated by 206 in Figure 3. The series 
shown in the upper of the series 206 is the series 202 
multiplied by the weight coefficient W1 of the first branch 
(1 ). The series shown in the lower of the series 206 is 
the series 204 multiplied by the weight coefficient W2 of 
the second branch (2). 

In Figure 3, examples 207-209 are shown of com- 
ponents representing the adaptive matched filter 1 1 9. In 
the present case, it exemplifies a seven-tap arrange- 
ment for seven data symbols. The number of taps is de- 
pendent on the dispersion of the wave. The matching 
filter should cover the dispersion ofthe wave. The tap 
coefficient is adjusted to minimize the error signal and 
allows MMSE to be minimized. 

Additionally, Figure 3 shows that the series 206 in 
the output of the combination unit 1 1 8 is input into a shift 
register 207 of the adaptive matched filter 119. 

Usually, the center tap of the adaptive matched filter 
119 is utilized as the reference tap, as is usual. Specif- 
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ically, the center tap is normally selected as the refer- 
ence tap. Edge taps are avoided, if possible, as refer- 
ence taps since the diversity effect cannot be achieved 
by using them. The reference tap is a tap for treating the 
signal input thereto as the principal wave. 

In Figure 3, for example, the center tap 207 stores 
(W1 S5 + W2-S3) of the series 206. This signal is mul- 
tiplied by a tap coefficient h 0 at the central multiplier 208. 
Here, it is assumed that h 0 -WVS5 forms the principal 
wave component. 

However, all signals stored in two of the taps which 
are multiplied by subsequent tap coefficient h 1 are mo- 
mentarily shut down {e.g., missing or inaccessible) due 
to fading and are shaded in Figure 3 (207). 

However, the second and third taps to the right from 
the center tap 207 contain signal components of W2-S5 
and S2-S6. If S5 is the reference signal, then when con- 
tents in each tap are correlated with the decision data 
of S5, a correlation value is obtained for the above-men- 
tioned W2-S5. That is, S5 is supplied from the h 2 tap 
which is the tap second to the right from the center tap. 

Thus, even ifthe first branch has been momentarily 
shut down, the signal can be recovered from the second 
branch. Similarly, for S6, recovery can be attained from 
S6 at the second branch. This feature arises from the 
delay difference z provided across the branches, and is 
equivalent to the time diversity. 

The interference wave is suppressed during the de- 
spreading at each diversity branch. However, interfer- 
ence waves with a very high level due to continuous 
wave (CW) interference in a narrow band (e.g., in a 
range of less than 1 kHz band) may not be suppressed. 
If these interference waves have no correlation between 
the branches : then it is impossible to eliminate the inter- 
ference. However, if the interference waves are corre- 
lated between the branches, then the interference may 
be eliminated. 

Figure 3 illustrates examples 203 and 204. In this 
case, a diversity combination unit formed by the com- 
ponents 1 1 4, 1 1 5, 1 1 6, 1 1 7 and 1 20 performs anti-phase 
cancellation for interference waves. 

This diversity combination forms a so-called adap- 
tive filter which feeds the decision unit error signal of the 
adaptive equalizer back to the correlators 116 and 117 
for calculating the correlation with each branch received 
signal, and uses the correlation values as the weight co- 
efficients. Therefore, it operates to minimize the mean 
square of the decision error. The adaptive equalizer 1 20 
itself is also an adaptive filter minimizing the mean 
square of the decision error. Preferably, the adaptive 
equalizer 120 is formed by the DFE. 

Thus, a dual-loop control system is formed. In such 
cases, typically difference-for-loop-time constants 
should be provided, so as to prevent contention and to 
stabilize the control system. Here, quicker response 
must be provided for the outer diversity control than the 
adaptive equalization. To this end, the time constants 
for the correlators 116 and 117 are set to values lower 



than that of the time constants of the adaptive equalizer. 
For example, the time constants for the correlators are 
preferably 10% (e.g., IT) of the adaptive equalizer time 
constant. 

5 In Figure 3, while the interference waves are anti- 

phase canceled at the output of the combination unit 
118, if there is no interference wave(s), control of the 
minimum mean square error effectively performs diver- 
sity combination of signals. 
10 Output of the adaptive matched filter of Figure 3 is 
(h 2 *W2-S5) + (ISI). Here, the first term represents a re- 
covered signal against a momentary shutdown. The 
second term is an interference (inter-symbol interfer- 
ence) between codes SO - S8 ultimately leaked from oth- 
'5 er taps. Such ultimate interference between codes is 
eliminated by the adaptive equalizer 120 of Figure 2 
through adaptive signal processing. 

As described above, the present invention uses di- 
versity with coded multiplexing instead of using space 

20 diversity as in the conventional systems, and eliminates 
interference and assures diversity gain for a signal by 
utilizing diversity with coded multiplexing. Therefore, a 
plurality of antennae and a switch as in the conventional 
system of Figure 7 are unnecessary. 

25 The embodiment described above is a method for 
compensating for interference between codes by mod- 
ulating transmitting data at the transmitter side, then 
branching it into two branches for coded multiplexing, 
and branching the data into two branches at the receiver 

30 side. 

However, the invention of the application is not lim- 
ited to such a technique. Indeed, the transmitting data 
may be branched into N branches (N being integer of 2 
or more) at the transmitter side after modulation for cod- 

35 ed multiplexing, and to branch them into N branches at 
the receiver side. For example, Figures 4-5 show a sec- 
ond embodiment of the present invention. 

In Figure 4, transmitted data signals are received 
and modulated by the modulator 101. Then, the modu-- 

J0 lated signals are branched into N branches (where N is 
an integer of at' least 2) by an M-branch distributor 126 
(wherein M is an integer less than N), and combined by 
the combination (e.g., summing) unit 1 27 through retar- 
dation (delay) elements 122-1 - 122-n and spectrum 

■15 spreaders 121-1 - 121-n, respectively. Retardation ele- 
ments 122-1 - 122-n provide a predetermined delay to 
the divided signals. Consequently, coded multiplexed 
signals are obtained. 

Meanwhile, in Figure 5, a signal is received through 

50 a receiving antenna 108 and is provided as an input to 
a receiver 1 09. An output of the receiver 1 09 is branched 
into M branches by the M-branch distributor 126, de- 
spread by spectrum de-spreaders 123-1 - 123-n, and 
then demodulated by demodulators 124-1 - 124-n. 

55 Outputs of the demodulators 1 24-1 - 1 24-n are input 
into complex multipliers 1 25-1 - 1 25-n, and multiplied by 
weight coefficients W1 - Wn, respectively. 

Outputs ofthe complex multipliers 1 25-1 - 1 25-n are 
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added together by the combination unit 127, and then 
input into an adaptive matched filter 1 1 9. 

An output ofthe adaptive matched filter 119 is input 
into an adaptive equalizer 120 where the data signals 
are processed to output decision data. The resultant de- 
cision data signal is fed back to the adaptive matched 
filter 1 1 9, and used for calculation of correlation data for 
the adaptive matched filtering. Additionally, decision er- 
ror signals ofthe adaptive equalizer 120 are fed back to 
complex correlators 126-1 - 126-n. 

These complex correlators 126-1 - 126-n correlate 
the demodulated signals from the demodulators 124-1 
- 1 24-n with the decision error signals from the adaptive 
equalizer 120. The correlation values are multiplied as 
weight coefficients for the complex multipliers 125-1 - 
125-n, respectively. 

As described above, with the present invention a 
plurality of antennae as typically used in the space di- 
versity are eliminated. Instead, diversity is formed with 
coded multiplexing through spread spectrum tech- 
niques. Thus, the scale and cost ofthe apparatus can 
be significantly reduced. 

Additionally, interference waves are eliminated in a 
region where D/U is distributed from positive to nega- 
tive. As mentioned above, such elimination of interfer- 
ence waves was extremely difficult in the conventional 
systems. Further, the present invention ensures diver- 
sity gain for desired waves. 

The above-described first and second embodi- 
ments are especially effective for providing a small com- 
pact system having one antenna and providing diversity 
through code multiplexing, and providing a minimum 
mean square error technique effective for normal inter- 
ference (e.g., D/U > 0 dB. However, D/U < -6dB is not 
applicable. As mentioned above with regard to the con- 
ventional system, D/U < 0 represents a severe jamming 
environment and this environment is targeted by the 
conventional multiple antenna/PIAA system. 

In view of the foregoing, a third embodiment of the 
present invention, as shown in Figure 6, is directed to 
providing a small compact system having one antenna 
and providing diversity through code multiplexing, and 
providing a PIAA system suitable for environments in 
which D/U < 0 dB. Thus, with the third embodiment, the 
number of antennae is reduced over the conventional 
system and yet a smaller system results in which a 
stronger interference cancellation effect results since 
the spread spectrum reduction technique also is em- 
ployed. If D/U = 0 or D/U is positive, then the MMSE 
technique of the first and second embodiments is em- 
ployed. 

Before turning to the structure of the receiver side 
of the third embodiment as shown in Figure 6, it is noted 
that the transmitter side is substantially identical to that 
of Figure 1 (and indeed is similar to that of Figure 7 but 
provides spread spectrum techniques including first and 
second spectrum spreaders 1 and 2 as shown in Figure 
1). 



Turning to the receiver side of the third embodiment 
as shown in Figure 6, the receiver uses a single antenna 
and the spectrum de-spreaders and coded multiplexing 
to achieve the diversity effect, as in the first embodi- 

5 ment. However, instead of the minimum mean square 
error (MMSE) technique the receiver of the third embod- 
iment employs a power inversion adaptive array (PIAA) 
similar to that of U.S. Patent No. 5,335,359, incorporat- 
ed herein by reference. 

'0 As a result, the size of the receiver is small but it 
can compensate severe interference (e.g., D/U < 0 dB) 
and can still have diversity through the coded multiplex- 
ing. 

At the receiver side of Figure 6, microwave signals 
1$ are received by the receiving antenna 608 and are input 
to the receiver 609. The receiver 609 low-noise ampli- 
fies the signals, and converts them from a radio frequen- 
cy (RF) to an intermediate frequency (IF). An output of 
the receiver 609 is branched into two branches by the 
20 distributor 600 (e.g:, a hybrid splitter), and input into the 
first and second spectrum de-spreaders 610 and 611, 
respectively. 

The first spectrum de-spreader 610 performs de- 
spreading with the same spreading code as the first 

25 spectrum spreader on the transmitter side, and demod- 
ulates signals of the first branch of the coded multiplex- 
ing signals. Similarly, the second spectrum de-spreader 
611 performs de-spreading with the same spreading 
code as the second spectrum spreader on the transmit- 

30 ter side, and demodulates signals of the second branch 
of the coded multiplexing signals. 

Outputs of the spectrum de-spreaders 610 and 611 
are input into the demodulators 612 and 613, respec- 
tively, so that demodulation is performed corresponding 

35 to the modulation performed by the modulator on the 
transmitter side. Outputs of the demodulators 612 and 
613 are input into the complex multipliers 614 and 615, 
respectively, and multiplied by weight coefficients W2 
and W1 , produced by complex correlators 61 6, 61 7, re- 

40 spectively. 

An output of the complex multiplier 614 is input to 
a combination (subtractor) unit 61 8 and to a combination 
(summing) unit 619. Similarly, an output of the complex 
multiplier 615 is input to the subtractor unit 618 and to 

<*5 the summing unit 61 9. The subtractor unit 61 8 combines 
the inputs from the complex multipliers 61 4, 61 5 togeth- 
er to form a combined signal. The combined signal is 
input into a selector 620 which may be a changeover 
switch or the like. The selector is suitably controlled to 

50 output one of the output from an automatic gain control 
(AGC) circuit 621 or the output of the combination unit 
618. In the absence of fading or the like, the selector 
620 is in a first position for selecting the output of the 
AGC circuit 621 . In contrast, during a deep fade the se- 

55 lector 620 is set to a second position to couple the output 
of the subtractor unit 618 to the matched filter 622. 

The second outputs from the complex multipliers 
614, 615, having been inputted to the summing unit 619 
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are added to form complex values (e.g., consisting of a 
real part and an imaginary part) and an output of the 
summing unit 619 is input to an automatic gain control 
(AGC) circuit 621 for normalization to minimize fluctua- 
tions and the like. 

The receiver side applies AGC to an output of the 
summing unit 619, and feeds back the output to the cor- 
relators 6 1 6 and 61 7 for correlating with received branch 
signals. .When the output of the summing unit 619 and 
the received signals are correlated with each other, the 
phase difference between the output of the summing 
unit 619 and each received signal, and their amplitude 
information are obtained as correlated values. 

The in-phase composition is attained by multiplying 
a complex conjugate of these correlated values by the 
multipliers 614, 615. Since the amplitude is multiplied 
by a weight coefficient making it square, composition at 
the maximum ratio is consequently performed for the re- 
ceived signal having a high level. 

On the other hand, the subtractor unit 618 performs 
an anti-phase composition opposite to the maximum ra- 
tio composition to suppress a signal having a high level. 
If the signal having a high level is unnecessary interfer- 
ence jamming, then interference waves are subject to 
an in-phase composition at the output of the summing 
unit 619, while they are canceled in anti-phase as the 
output of subtractor unit 618. 

Accordingly, a desired signal can be extracted from 
the output of the subtractor unit 618. When the desired 
wave at the output of the subtractor unit 61 8 is present, 
it is merely linearly combined by the weight coefficient 
for cancelling the interference. On the other hand : the 
transmitting wave is provided with a delay difference be- 
tween the branches, so that a fixed delay difference is 
provided for the desired wave at the output of the selec- 
tor 620, An output of the selector is provided to the adap- 
tive matched filter 622, and is input to a decision feed- 
back equalizer 623 to produce a decision error signal 
output. 

Thus, with the third embodiment of the present in- 
vention, as shown in Figure 6, a small compact system 
is provided having one antenna and providing diversity 
through code multiplexing, and providing a PIAA system 
suitable for environments in which D/U < 0 dB. 

While the invention has been described in terms of 
several preferred embodiments, those skilled in the art 
will recognize that the invention can be practiced with 
modification within the scope of the appended claims. 

Claims 

1 . An apparatus for cancelling interference in a signal, 
comprising: 

means for diversity-combining signals having a 
delay difference from a plurality of branches to 
provide branched data; 
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a single transmitting antenna for transmitting 
said branched data with said delay difference 
and having been diversity-combined, as trans- 
mitted signals; 

5 means for receiving said transmitted signals, 

and for diversity-combining said transmitted 
signals to provide an output signal, said receiv- 
ing means including: 
a single receiving antenna; 

io an adaptive matched filter receiving said output 

signal; and 

an adaptive equalizer coupled to said adaptive 
matched filter. 

is 2. An apparatus according to claim 1, further compris- 
ing: 

means for branching transmitting data into 
said plurality of branches and providing said delay 
difference to each of said branches for code-divi- 
20 sion-multiplexing. 

3. An apparatus according to claim 2, wherein said 
branching means comprises means for performing 
said coded multiplexing by using an independent 

25 spreading code. 

4. An apparatus as set forth in Claim 1 , wherein said 
means for diversity-combining said transmitted sig- 
nals performs said diversity combination in a time 

30 region by using a minimum mean-square-error al- 
gorithm. 

5. An apparatus as set forth in Claim 1 , wherein said 
adaptive equalizer comprises a decision feedback 

35 equalizer. 

6. An apparatus as set forth in Claim 2, wherein said 
adaptive equalizer comprises a decision feedback 
equalizer 

40 

7. An apparatus as set forth in Claim 1 , wherein said 
plurality of branches includes N branches, wherein 
N is an integer no less than 2. 

4 5 8. An apparatus for cancelling interference in a signal, 
comprising: 

a divider for branching transmitting data into a 
plurality of branches and providing a delay dif- 
50 ference to each of said branches for code-divi- 

sion-multiplexing; 

means for diversity-combining signals from 
said branches; 

a single transmitting antenna for transmitting 
55 said branched data with said delay difference 

and having been diversity-combined, as trans- 
mitted signals; 

a receiver for receiving said transmitted sig- 
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nals, and for diversity -combining said transmit- 
ted signals to provide an output signal, said re- 
ceiver including: 
a single receiving antenna. 

9. An apparatus according to claim 8, said receiver fur- 
ther comprising: 

an adaptive matched filter for receiving said 
output signal; and 

an adaptive equalizer coupled to said adaptive 
matched filter. 

1 0. An apparatus according to claim 9, wherein said di- 
vider comprises means for performing said coded 
multiplexing by using an independent spreading 
code. 

11. An apparatus as set forth in Claim 9, wherein said 
means for diversity-combining said transmitted sig- 
nals performs said diversity combination in a time 
region by using a minimum mean-square-error al- 
gorithm. 

12. An apparatus as set forth in Claim 9, wherein said 
adaptive equalizer comprises a decision feedback 
equalizer. 

13. An apparatus as set forth in Claim 9, wherein said 
plurality of branches includes N branches, wherein 
N is an integer no less than 2. 

14. A diversity reception system, comprising: 

a transmitter and a receiver for receiving sig- 
nals from said transmitter, said transmitter in- 
cluding: 

means for providing a different delay time for 
each of a plurality of transmining signals which 
comprise a transmitting signal divided into N 
branches at a transmitter side, wherein N is an 
integer no less than 2; 

means for individually spectrum spreading said 
N-branched transmitting signals; 
means for combining said spectrum-spread 
signals; and 

.a single antenna for transmitting said combined 
signals; 

wherein said receiver includes: 

a single antenna for receiving the combined 
signals transmitted; 

means for dividing said received signals into N 
branches, and decoding the divided signals 
through spectrum de-spreading corresponding 
to a transmitter side, respectively. 



10 



20 



25 



35 



15. A diversity reception system according to claim 1 4, 
further comprising: 

means for demodulating said spectrum de- 
spread output; 

a plurality of multipliers for respectively receiv- 
ing said demodulated signals for combination 
to provide combined signals; and 
an adaptive matched filter for receiving said 
combined signals and providing an output. 

16. A diversity reception system according to claim 15, 
further comprising: 

an adaptive equalizer for receiving said output 

of the adaptive matched filter; and 

means for correlating a decision error signal of 

said adaptive equalizer with said demodulated 

signals. 

1 7. A diversity reception system as set forth in claim 1 6, 
wherein the time constant for said correlation is 
smaller than that of said adaptive equalizer. 

18. A diversity reception system according to claim 1 7, 
wherein said adaptive equalizer comprises a deci- 
sion feedback equalizer. 

1 9. A diversity reception system according to claim 1 4, 
said receiver further comprising: 

a Power Inversion Adaptive Array (PIAA), said 
PIAA including: 

means for demodulating said spectrum de- 
spread output; 

a plurality of multipliers for respectively re- 
ceiving said demodulated signals for com- 
bination to provide combined signals; 
a subtraction unit for subtracting outputs of 
said plurality of multipliers from one anoth- 
er; and 

a summing unit for adding outputs of said 
plurality of multipliers to one another. 

20. A diversity reception system according to claim 1 9, 
said PIAA further including: 

an automatic gain control (AGC) circuit for re- 
ceiving an output of said summing unit and pro- 
viding a gain thereto; and 
a selector for selectively outputting one of an 
output from said AGC circuit and an output of 
said subtraction unit. 

21 . A diversity reception system according to claim 20, 
further comprising: 

an adaptive matched filter for receiving an 
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output from said selector and providing an output. 

22. A diversity reception system according to claim 21 , 
further comprising: 

s 

an adaptive equalizer for receiving said output 
of the adaptive matched filter; and 
means for correlating a decision error signal of 
said adaptive equalizer with said demodulated 
signals. 10 

23. A diversity reception system as set forth in claim 22, 
wherein a time constant for said correlation is small- 
er than that of said adaptive equalizer. 

15 

24. A diversity reception system according to claim 23, 
wherein said adaptive equalizer comprises a deci- 
sion feedback equalizer. 



25. A method for cancelling interference in a signal, 20 
comprising steps of: 



branching transmitting data into a plurality of 
branches and providing a delay difference to 
each of said branches for coded multiplexing; 25 
diversity-combining said data having said delay 
difference to provide branched data; 
transmitting, by a single transmitting antenna, 
said branched data with said delay difference 
as transmitted signals; 30 
receiving, by a single receiving antenna,' said 
transmitted signals; 

demodulating, -separating, and diversity-com- 
bining said transmitted signals, to provide a de- 
cision data output. 3$ 
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FIG. 3 
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